Table 22: Instances 9 & 22 imposed four hours of delay

Most Effl(;:\e;lné SS)peed Only Avoid DCOCD Penalty Mlmmlf:/I :Ir_§rd|ness
Eggrf/?f:id Sum of Arrival Rail Service Arrival Rail Service Arrival Rail Service
Fuel DCOCD | Labor Profit Instance Delays Delay Serw?;)Proflt Profit Del‘a,; SerVIri:;)Proflt Profit Delay Servn(:;)Proflt Profit
(ESP) (Hrs) (Hrs) () (Hours) %) (Hours) (6]
(©)]

2 H H $13,817.00 9 4 4 $5,997.00 $10,297.00 1 $11,012.22 $11,012.22 1 $11,087.70 ‘
2 H L $13,817.00 9 4 4 $8,397.00 1 $11,012.22 $11,012.22 1 $11,087.70
2 L H $13,817.00 9 4 4 $8,697.00 4 $8,697.00 $10,297.00 1 $11,087.70 |
2 L L $13,817.00 9 4 4 $11,097.00 4 $11,097.00 1 $11,087.70 $11,087.70
4 H H $13,817.00 9 4 4 $5,997.00 1 $8,527.47 $8,527.47 1 $8,678.41 $8,678.41
4 H L $13,817.00 9 4 4 $8,397.00 1 $8,527.47 $8,527.47 1 $8,678.41 $8,678.41
4 L H $13,817.00 9 4 4 $8,697.00 4 $8,697.00 1 $8,678.41 $8,678.41
4 L L $13,817.00 9 4 4 $11,097.00 4 $11,097.00 1 $8,678.41 $8,678.41
6 H H $13,817.00 9 4 4 $5,997.00 ! $6,042.69 $6,042.69 1 $6,269.11 $6,269.11
6 H L $13,817.00 9 4 4 $8,397.00 1 $6,042.69 $6,042.69 1 $6,269.11 $6,269.11
6 L H $13,817.00 9 4 4 $8,697.00 4 $8,697.00 1 $6,269.11 $6,269.11
6 L L $13,817.00 9 4 4 $11,097.00 4 $11,097.00 1 $6,269.11 $6,269.11
2 H H $22,757.00 22 4 4 $14,937.00 0 $14,872.40 $14,872.40 0 $14,872.40 $14,872.40
2 H L $22,757.00 22 4 4 $17,337.00 0 $14,872.40 $14,872.40 0 $14,872.40 $14,872.40
2 L H $22,757.00 22 4 4 $17,637.00 4 $17,637.00 0 $14,872.40 $14,872.40
2 L L $22,757.00 22 4 4 $20,037.00 4 $20,037.00 0 $14,872.40 $14,872.40
4 H H $22,757.00 22 4 4 $14,937.00 0 $7,307.68 $7,307.68 0 $7,307.68 $7,307.68
4 H L $22,757.00 22 4 4 $17,337.00 0 $7,307.68 $7,307.68 0 $7,307.68 $7,307.68
4 L H $22,757.00 22 4 4 $17,637.00 4 $17,637.00 0 $7,307.68 $7,307.68
4 L L $22,757.00 22 4 4 $20,037.00 4 $20,037.00 0 $7,307.68 $7,307.68
6 H H $22,757.00 22 4 4 $14,937.00 0 -$256.92 -$256.92 0 -$256.92 -$256.92
6 H L $22,757.00 22 4 4 $17,337.00 0 -$256.92 -$256.92 0 -$256.92 -$256.92
6 L H $22,757.00 22 4 4 $17,637.00 4 $17,637.00 0 -$256.92 -$256.92
6 L L $22,757.00 22 4 4 $20,037.00 4 $20,037.00 0 -$256.92 -$256.92
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Analysis: Both Instances 9 & 22 imposed four hours of delay, yet they produced very different
optimal strategies. The primary difference between the two instances, was the timing of the

delays, shown in Table 23.

Table 23: Timing of delays

Instance Total delay Hour of transit
(hrs) delay imposed

9 4 16, 26, 39, 43

22 4 14, 22,27, 32

The key delay in Instance 9 arose late in the transit at hour 39, preventing on-time delivery for all
transit strategies. At hour 43, another critical delay arose, extending the transit by an additional
hour for MES. MT and Avoid DCOCD (when DCOCD was high) both arrived prior to hour 43;
hence, they were not impacted by the fourth delay. These very late delays provided a significant
advantage to MT and proved to be the only time where Rail Service Profit was maximized by the
MT transit strategy (outside of Instance 28), beating MES by $790 and Avoid DCOCD by $75.
In both instances, fuel was set at $2/gallon and labor was high, providing the advantage of
avoiding that additional delay and the costs associated with an additional hour of labor and fuel

consumed to idle the locomotives.

As in real-time scenarios, the longer a consist remains away from its destination, the more at risk
it is of incurring delay. As demonstrated by Instance 9, the mere fact that the consist was still in

transit at hour 43, with just one hour left, placed the consist at risk for further delay. When delay
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struck, it caused even greater DCOCD and labor penalties to be incurred, depleting supply chain

profits even more.

In contrast to Instance 9, Instance 22 delays arose more in the middle of transit, between the
hours of 14 and 32. Although this provided eight hours for the consist to adjust speed and
allowed an on-time arrival for the MT and Avoid DCOCD (when DCOCD was high) transit
strategies, MT Service Profits were eroded by an average of $2,615 when fuel was priced at
$2/gallon; $10,179 when $4/gallon, and $17,743 at $6/gallon. Rail Service Profit erosion was

even greater, keeping optimal profits with the MES transit strategy.
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49 PROFIT LOSS

The RPM is utilized to identify the transit strategy that maximizes profitability. Each of the 30
instances are ran through the 12 scenarios. Both Rail Service Profit and Service Profit are
outputs of the models that simulate the three transit strategies; Most Efficient Speed (MES),
Avoid Downstream Customer Opportunity Cost of Delay (DCOCD), and Minimize Tardiness
(MT). A summary table of the average profit loss as a percentage of the Expected Service Profit

(ESP) is provided in Table 24.

Analysis: If a single transit strategy has to be chosen, it would clearly be MES, contrary to
industry practice. Service Profit losses of greater than 10% arose with MES with scenarios (2,

H, H) and (2, H, L) only — at 32.2% & 20.5% respectively. In all other cases, MES was the
optimal transit strategy. For Rail Service Profit, MES was also the clear choice, experiencing a
maximum loss of 0.3%. As a general rule for MES, as fuel prices increased, profit losses
decreased, representing the fact that MES was often the most profitable transit strategy, losing an

average Service Profit of 6.1% and Rail Service Profit of 0.1%.

MT transit strategy incurred much greater losses, with an average Service Profit loss of 32.5%
and Rails Service Profit loss of 52.9%, a staggering result in an industry where increasing speed
to arrive on time is commonplace. One area where increasing speed is desirable, in fact
generated the most Service Profit, was when fuel prices were set to $2/gallon and DCOCD is
high, losing only a meager 1.1%, while MES lost 26.3% and Avoid DCOCD lost 2.6%. This
represents the fact that cheaper fuel allows for less economical speeds, especially if these

increased speeds result in on-time arrivals and avoid large tardiness penalties.



Table 24: Total Profit Loss - by percentage of ESP (%)

Scenario MES Service Profit L ﬁerl;lﬁstervice
(Fuel, DCOCD, Labor) (%) %)

@ ) -13.8% -0.1%
@2 H, ) -26.3% -0.1%
(2, H, H) -32.2% -0.2%
(2, H, L) -20.5% 0.0%
@L ) -1.3% -0.2%
2 L, H) -2.2% -0.3%
2 L, L) -0.4% -0.1%
4 ,) -3.4% -0.1%
4. H, ) -6.6% 0.0%
(4,H, H) -8.9% 0.0%
(4, H,L) -4.2% 0.0%
@L, ) -0.3% -0.1%
(4, L, H) -0.4% -0.1%
4, LL) -0.3% -0.1%
®, ,) -1.0% -0.1%
(6.H, ) -1.6% 0.0%
(6, H, H) -1.6% 0.0%
(6,H,L) -1.7% 0.0%
6, L, ) -0.3% -0.1%
(6,L, H) -0.4% -0.1%
(6,L,L) -0.3% -0.1%
Overall -6.1% -0.1%
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Avoid DCOCD transit strategy performed well when fuels costs were low, losing 0.9% when
fuel was $2/gallon and DCOCD was low. As fuel increased in cost, so did the profit loss, losing
an average of 23.9% of Service Profit and 46.3% of Rail Service Profit when fuel reached

$6/gallon.

If only one transit strategy could be selected for all 12 scenarios, MES would be the obvious
choice for optimizing Service Profit, losing just 6.1%. However, by selecting the optimal transit
strategy for each of the 12 scenarios shown in the two far right columns, yields a more profitable
1.8% loss, as demonstrated in Table 25. In a multi-billion dollar industry, increasing profit by
4.3% would be remarkable. Using the same methodology for Rail Service Profit did not

appreciably reduce profit loss, and remained nearly identical to MES transit strategy.

As mentioned previously, optimizing rail profitability is highly dynamic, involving real-time
inputs that shape and reshape the profit frontier. Whichever transit strategy served you well
yesterday, may not tomorrow due to the ever changing landscape of fuel costs. To optimize
profitability, transit speed decisions must be based on real-time profit calculations, not cultural

norms or past industry practices.



Table 25: Minimized profit loss calculations

. MES Service MES Rail
(Fuel, Dségég? Labor) P(rt;zf)it Servi(ci;);’ rofit
@2 ,) -13.8% -0.1%
2H ) -26.3% -0.1%
(2,H,H) -32.2% -0.2%
(2,H,L) -20.5% 0.0%
2L ) -1.3% -0.2%
2, L, H) -2.2% -0.3%
2, L L) -0.4% -0.1%
@, ,) -3.4% -0.1%
4,H, ) -6.6% 0.0%
(4,H, H) -8.9% 0.0%
(4,H,L) -4.2% 0.0%
4L ) -0.3% -0.1%
4, L, H) -0.4% -0.1%
4,L,L) -0.3% -0.1%
®, ,) -1.0% -0.1%
6,H, ) -1.6% 0.0%
(6, H, H) -1.6% 0.0%
(6,H,L) -1.7% 0.0%
®6,L, ) -0.3% -0.1%
(6, L, H) -0.4% -0.1%
6, L, L) -0.3% -0.1%
Overall -6.1% -0.1%

Minimized Minimized
Service Rail Service

Profit Loss Profit Loss

(%) (%)

-0.4% -0.2%
-1.9% 0.0%
-1.3% -0.3%
-0.4% -0.1%
-8.9% 0.0%
-4.2% 0.0%
-0.4% -0.1%
-0.3% -0.1%
-1.6% 0.0%
-1.7% 0.0%
-0.4% -0.1%
-0.3% -0.1%
-1.8% -0.1%
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4.10 DECONFLICTION METHODOLOGY

Rail lines get congested, especially during peak usage. Selecting which consist has priority over
others when conflicts arise over the same rail line is usually left to operations. Decisions are
often dependent upon some predetermined operations planning norms such as relying upon the
type of goods shipped. Coviello (2015) modelled periodic operations on a single track to analyze
timetable stability in response to random delays, finding that increasing speed was an effective
means to recover from delays and added to timetable robustness. Unfortunately, he gave little
consideration to the fact that increasing speed increases fuel costs, and may quickly outweigh the
value of maintaining any schedule. Another common practice is to give preference to the higher
value freight. A new methodology based upon the RPM is proposed, where priority is given to

consists in a sequence that optimizes profitability.

The following demonstrates the value of such a methodology and quantifies the impacts these
decisions have on rail service provider profits. Given three consists in conflict for the same rail

line, utilizing Instances #14, #24 and #27, the following scenario is provided:

Conflict Scenario: Only one consist may pass without delay. A second consist must be delayed
1 hour to allow safe passage of the first. The third consist must be delayed two hours before
being allowed to proceed. For this example, fuel is set to $1.25/gallon. For Instances 24 & 27,
DCOCD and labor are both high, with Instance 14, both low. The hour in which the conflict

arises is also an important factor, with details summarized in Table 26.
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Table 26: Scenario with three consists in conflict

Hour conflict

Instance S . Input variables
arises in transit
14 35 (1.25,L, L)
| 24 10 (1.25, H, H)
27 20 (1.25, H, H)

Analysis: Each instance is examined using the RPM, generating the Service Profit (SP) and
Rails Service Profit (RSP) for each transit strategy. Delays are introduced into each instance at
the designated time. For example, the consist operating under Instance 14 encounters the
conflict at hour 35 of its transit, just five hours from its destination; Instance 24 encounters the
conflict at hour 10, and Instance 27 at hour 20. Under each transit strategy (MES, Avoid
DCOCD, and MT), the remaining transit for each consist is simulated to generate the SP and

RSP for each instance. Table 27 provides the simulation outputs by transit strategy.

For example, as shown in Table 27, Instance 24, when no delay is imposed (i.e. given highest
priority), generates $9,492 SP and $12,142 RSP when utilizing the MES transit strategy.
Likewise, when Instance 14 has lowest priority (i.e. selected last of the three consists to proceed
and delayed two hours), generates $12,634 SP and $13,434 RSP when utilizing the same MES

transit strategy.



Table 27: Profit maxima by transit strategy
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MES Avoid DCOCD MT
. Sum of | Arrival Arrival Arrival
Delay | SN2 E(g‘)P Delays | Delay sp RSP Delay sp RSP Delay sp RSP
(Hours) | (Hours) (Hours) (Hours)
Instance 24 (1.25,H,H) Hour 10
None 24 $14,782.00 3 3 $9,492.00 $12,142.00 0 $11,965.75 $11,965.75 0 $12,060.10 $12,060.10
1 24 $14,782.00 4 4 $6,962.00 $11,262.00 0 $10,441.70 $10,441.70 0 $10,336.51 | 1 | $10,336.51
2 24 $14,782.00 5 $2,382.00 $10,382.00 0 $8,293.46 $8,293.46 0 $8,257.18 $8,257.18
Instance 27 (1.25,H,H) Hour 20
None 27 $24,171.00 5 5 $11,771.00 $19,771.00 0 $20,064.55 $20,064.55 0 $20,249.61 | 1 | $20,249.61
1 27 $24,171.00 6 6 $4,641.00 $18,891.00 0 $17,566.20 $17,566.20 0 $17,613.37 $17,613.37
2 27 $24,171.00 8 8 -$12,769.00 $17,131.00 0 $15,040.47 $15,040.47 0 $15,040.47 | 0 | $15,040.47
Instance 14 (1.25,L,L) Hour 35
None 14 $15,354.00 2 2 $13,994.00 $14,394.00 2 $13,994.00 $14,394.00 0 $14,091.01 | 0 | $14,091.01
1 14 $15,354.00 3 3 $13,314.00 $13,914.00 3 $13,314.00 $13,914.00 0 $12,813.63 $12,813.63
2 14 $15,354.00 4 4 $12,634.00 $13,434.00 4 $12,634.00 $13,434.00 1 $12,287.34 | 1 | $12,287.34
Transit Strategy
$54,307.00 Profit Maxima $31,367.00 $44,467.00 $43,140.25 $43,940.25 $42,873.46 $42,873.46
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The optimal sequence is based on the combination of delays that preserves the most profit
(shown in yellow fill). For the MES transit strategy, SP is maximized when the consist operating
under Instance 24 is delayed one hour, Instance 27 is granted highest priority and not delayed,
with Instance 14 designated to go last and delayed two hours; culminating in a maximum profit

of $31,367.

Table 27 also demonstrates that the optimal sequence of consists remains the same, regardless of
transit strategy. The transit strategy that retained the most overall profit was MES, preserving
$44,467 in RSP, more than $1,593 (or 3.7%) better than MT. Avoid DCOCD preserved

$43,140.25 in SP, $11,770 or 38% more than MES.

Opening the decision spectrum to allow selection of transit strategy in conjunction with the
combination of delays, increases RSP by an additional $478.61, as shown in Table 28 below. By
changing the transit strategy of Instance 27 from MES to MT, results in this 1% increase in RSP

for the rail service provider.



Table 28: RSP Maxima

MES Avoid DCOCD MT
. Sum of | Arrival Arrival Arrival
Delay | 721 E(g)P Delays | Delay sp RSP Delay sp RSP Delay sP RSP
(Hours) | (Hours) (Hours) (Hours)
Instance 24 (1.25,H,H) Hour 10
None 24 $14,782.00 3 3 $9,492.00 $12,142.00 0 $11,965.75 $11,965.75 0 $12,060.10 $12,060.10 | O
1 24 $14,782.00 4 4 $6,962.00 $11,262.00 0 $10,441.70 $10,441.70 0 $10,336.51 $10,336.51 | O
2 24 $14,782.00 5 5 $2,382.00 $10,382.00 0 $8,293.46 $8,293.46 0 $8,257.18 $8,257.18 | 0
Instance 27 (1.25,H,H) Hour 20
None 27 $24,171.00 5 5 $11,771.00 $19,771.00 0 $20,064.55 $20,064.55 0 $20,249.61 $20,249.61 | 1
1 27 $24,171.00 6 6 $4,641.00 $18,891.00 0 $17,566.20 $17,566.20 0 $17,613.37 $17,613.37
2 27 $24,171.00 8 8 $12,769.00 $17,131.00 0 $15,040.47 $15,040.47 0 $15,040.47 $15,040.47 | O
Instance 14 (1.25,L,L) Hour 35
None 14 $15,354.00 2 2 $13,994.00 $14,394.00 2 $13,994.00 $14,394.00 0 $14,091.01 $14,091.01 | O
1 14 $15,354.00 3 3 $13,314.00 $13,914.00 3 $13,314.00 $13,914.00 0 $12,813.63 $12,813.63 | O
2 14 $15,354.00 4 4 $12,634.00 $13,434.00 4 $12,634.00 $13,434.00 1 $12,287.34 $12,287.34 | 0
$54,307.00 $0.00 $24,696.00 $0.00 $0.00 $0.00 $20,249.61
RSP Maxima $44,945.61
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Should operations choose the worst sequence and worst transit strategies (achieving global profit
minimas), profitability can dramatically decline. As demonstrated in Table 29 using pink fill,
granting the consist operating under Instance 14 with highest priority and proceeding without
delay, and in turn, delay Instance 24 one hour and Instance 27 two hours, drives SP down to only
$8,187, from its high of $43,140. Correspondingly, RSP erodes to $39,467, down from the
models global maximum RSP of $44,945.61. The loss of $5,478.61 RSP represents a real loss of
profits to the rail service provide on the order of 12%, caused by choosing the least profitable

sequence.



Table 29: Profit Minima

MES Avoid DCOCD MT
. Sum of | Arrival Arrival Arrival
Delay | 721 E(g)P Delays | Delay sp RSP Delay sp RSP Delay sp RSP
(Hours) | (Hours) (Hours) (Hours)
Instance 24 (1.25,H,H) Hour 10
None 24 $14,782.00 3 3 $9,492.00 $12,142.00 0 $11,965.75 $11,965.75 0 $12,060.10 | 0 | $12,060.10
1 24 $14,782.00 4 4 $6,962.00 $11,262.00 0 $10,441.70 $10,441.70 0 $10,336.51 | 1 | $10,336.51
2 24 $14,782.00 5 5 $2,382.00 $10,382.00 0 $8,293.46 $8,293.46 0 $8,257.18 $8,257.18
Instance 27 (1.25,H,H) Hour 20
None 27 $24,171.00 5 5 $11,771.00 $19,771.00 0 $20,064.55 $20,064.55 0 $20,249.61 | 0 | $20,249.61
1 27 $24,171.00 6 6 $4,641.00 $18,891.00 0 $17,566.20 $17,566.20 0 $17,613.37 | 0 | $17,613.37
2 27 $24,171.00 8 8 -$12,769.00 $17,131.00 0 $15,040.47 $15,040.47 0 $15,040.47 | 1 | $15,040.47
Instance 14 (1.25,L,L) Hour 35
None 14 $15,354.00 2 2 $13,994.00 $14,394.00 2 $13,994.00 $14,394.00 0 $14,091.01 | 1 | $14,091.01
1 14 $15,354.00 3 3 $13,314.00 $13,914.00 3 $13,314.00 $13,914.00 0 $12,813.63 $12,813.63
2 14 $15,354.00 4 4 $12,634.00 $13,434.00 4 $12,634.00 $13,434.00 1 $12,287.34 | 0 | $12,287.34
Transit Strategy
$54,307.00 Profit Minima $8,187.00 $42,787.00 $39,476.17 $39,876.17 $39,467.99 $39,467.99
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When fuel prices increase to $6/gal, profit losses are magnified ten-fold. For example, Table 30
and Table 31 show the profit maxima and minima sequences when fuel costs are adjusted to
$6/gallon. Remarkably, real net profit losses on the order of -$12,665.38 are realized when MT
transit strategy is selected with suboptimal selection of consist priority. This is in stark contrast
to the optimal profit sequencing that achieves $42,487 in RSP, representing a total profit

reduction of $55,152.



Table 30: Profit maxima with fuel set to $6/gallon

MES Avoid DCOCD MT
. Sum of | Arrival Arrival Arrival
Delay | 721 E(g)P Delays | Delay sp RSP Delay sp RSP Delay sp RSP
(Hours) | (Hours) (Hours) (Hours)
Instance 24 (6,H,H) Hour 10
None 24 $14,782.00 3 3 $9,492.00 $12,142.00 0 $2,176.12 | 0| $2,176.12 0 $2,628.97 $2,628.97
1 24 $14,782.00 4 4 $6,962.00 $11,262.00 0 -$4,835.60 | 1| -$4,835.60 0 -$5,340.68 -$5,340.68
2 24 $14,782.00 5 5 $2,382.00 $10,382.00 0 -$14,843.18 | 0| -$14,843.18 0 $15,017.35 $15,017.35
Instance 27 (6,H,H) Hour 20
None 27 $24,171.00 5 5 $11,771.00 $19,771.00 0 $5,979.97 $5,979.97 0 $6,868.20 $6,868.20
1 27 $24,171.00 6 6 $4,641.00 $18,891.00 0 -$5,708.35 -$5,708.35 0 -$5,481.94 -$5,481.94
2 27 $24,171.00 8 8 -$12,769.00 $17,131.00 0 -$17,223.97 | 0| -$17,223.97 0 $17,223.97 $17,223.97
Instance 14 (6,L,L) Hour 35
None 14 $15,354.00 2 2 $13,994.00 $14,394.00 2 $13,994.00 | 0| $14,394.00 0 $9,899.27 $9,899.27
1 14 $15,354.00 3 3 $13,314.00 $13,914.00 3 $13,314.00 | 0| $13,914.00 0 $4,071.77 $4,071.77
2 14 $15,354.00 4 4 $12,634.00 $13,434.00 4 $12,634.00 $13,434.00 1 -$135.98 -$135.98
Transit Strategy
$54,307.00 Profit Maxima $31,367.00 $44,467.00 $13,778.37 $14,578.37 $1,391.54 $1,391.54




Table 31: Profit minima with fuel set to $6/gallon

MES Avoid DCOCD MT
. Sum of | Arrival Arrival Arrival
Delay | 721 E(g)P Delays | Delay sp RSP Delay sp RSP Delay sP RSP
(Hours) | (Hours) (Hours) (Hours)
Instance 24 (6,H,H) Hour 10
None 24 $14,782.00 3 3 $9,492.00 $12,142.00 0 $2,176.12 | 0| $2,176.12 0 $2,628.97 $2,628.97
1 24 $14,782.00 4 4 $6,962.00 $11,262.00 0 -$4,835.60 | 1| -$4,835.60 0 -$5,340.68 -$5,340.68
2 24 $14,782.00 5 5 $2,382.00 $10,382.00 0 -$14,843.18 | 0| -$14,843.18 0 $15,017.35 -$15,017.35
Instance 27 (6,H,H) Hour 20
None 27 $24,171.00 5 5 $11,771.00 $19,771.00 0 $5,979.97 0| $5,979.97 0 $6,868.20 $6,868.20
1 27 $24,171.00 $4,641.00 $18,891.00 0 -$5,708.35 | 0| -$5,708.35 0 -$5,481.94 -$5,481.94
2 27 $24,171.00 8 8 -$12,769.00 $17,131.00 0 -$17,223.97 -$17,223.97 0 -$17,223.97 -$17,223.97
Instance 14 (6,L,L) Hour 35
None 14 $15,354.00 2 2 $13,994.00 $14,394.00 2 $13,994.00 | 1| $14,394.00 0 $9,899.27 $9,899.27
1 14 $15,354.00 3 3 $13,314.00 $13,914.00 3 $13,314.00 | 0| $13,914.00 0 $4,071.77 $4,071.77
2 14 $15,354.00 4 4 $12,634.00 $13,434.00 4 $12,634.00 | 0| $13,434.00 1 -$135.98 -$135.98
Transit Strategy N N N }
$54,307.00 Profit Minima $8,187.00 $42,787.00 $8,065.57 $1,685.60 $12,665.38 $12,665.38
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This can be devastating to the industry, especially when the Expected Service Profit (ESP) for
the three consists totaled only $54,307. Unfortunately, industry practice is to increase speed to
arrive on time, coupled with the potential to suboptimally select consist priorities when

deconflicting, raises genuine concerns that profit losses may be arising with little awareness.

The RPM simulation results demonstrate that transit strategy has a marked impact on the
profitability of the rail service provider and the profitability of the supply chain. Adjusting speed
to arrive on time, especially when not warranted, severely erodes profits. Further, the RPM has
demonstrated its value to operations as a tool to deconflict consists in a profit preserving manner.
In a multi-billion dollar industry, fundamental improvements in the management of resources

can generate millions in profits.
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4.11 PRICING STRATEGIES

The RPM has demonstrated that increasing speed to arrive on time significantly erodes profits,
by up to 67%. Further, the RPM also demonstrated that in only a few situations is it in the best
interest of the rail service provider to increase speed to arrive on time. In the cases where it is
desirable for the rail service provider to do so, for JIT customers for example, what premium
should be levied upon the customer for the increased level of service? Using the RPM and the
profit calculations generated by the 360 simulations, baseline costs associated with rail
operations can be obtained. Table 32 summarizes the operating costs incurred by the rail service
provide for each hour of delay imposed by the RPM. Additionally, profit loss for each hours of
delay “avoided” by increasing speed is provided. Armed with this knowledge, marketing can
now make real-case revenue management decisions and begin to appropriately charge customers

for increased levels of service.

Table 32: Profit Summary Statistics of the RPM

Most Efficient Speed (MES) Transit Strategy

Rail Service Profit loss per hour of delay imposed $680

Avoid DCOCD Transit Strategy:

Rail Service Profit loss per hour of delay imposed $1,889

Rail Service Profit loss per hour of delay avoided by increasing speed $3,638

Minimize Tardiness (MT) Transit Strategy:

Rail Service Profit loss per hour of delay imposed $2,907

Rail Service Profit loss per hour of delay avoided by increasing speed $3,274
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Analysis: The MES transit strategy will not increase speed; hence, it only incurs labor and idle

fuels costs associated with delays, amounting to $685 per hour of delay.

The Avoid DCOCD transit strategy will maintain most efficient speed until it detects DCOCD
charges due to late arrival. Should DCOCD arise, the consist will increase speed, up to max safe
speed, in an attempt to arrive without DCOCD penalty. When DCOCD charges are low,
DCOCD penalties do not arise until the consist is delayed seven hours or more. When DCOCD
is high, penalties arise immediately. Therefore, rail service profit loss per hour of delay imposed
increases to $1,889. Additionally, for each hour of delay avoided, costs the rail service provider

$3,638, mostly in additional fuel costs.

The MT transit strategy responds to each delay by increasing speed to arrive on time, causing the
rail service profit loss per hour of delay imposed to rise to $2,907. Dependent upon the timing of
the delay, the consist may still arrive late. This is especially true if the consist is already
operating at maximum safe speed and encounters a delay or when a delay arises too close to the
end of a transit and cannot make up the lost time. Throughout the 360 simulations, over 88% of
the imposed delays were overcome by the MT transit strategy but by doing so, sustained an

average Rail Service Profit loss of $3,274 per hour of avoided tardiness.

Suppose a customer behaves as a JIT and provides a narrow delivery window of two hours. The
rail service provider will need to analyze the characteristics of the route to determine how many
hours of delay are normally encountered along a route. In our scenario, based on the RPM, if

three hours of delay are normally encountered, then a minimum of one hour’s premium should
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be routinely charged to the customer in order to deliver on time. This would equate to

approximately, $3,274 additional cost.

Although this example is a simplification, the premise holds true — if a customer requires
increased service levels, then a premium should be charged equating to the additional costs
incurred by the rail service provider to provide the enhanced level of service. Otherwise, the rail
service provider should maintain most efficient speed as an operational norm until compelled to

increase speed to avoid some other, more significant real/tangible costs.

The last piece to truly optimizing profit is to closely link marketing with operations to ensure
customers are afforded the service level considerations that are paid for, not simply expected.
Only after this is accomplished, will the rail service provider safeguard its sustainability and

long-term profitability.
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CHAPTER 5

CONCLUSION & FUTURE RESEARCH
5.1 CONCLUSION
The Rail Profit Model (RPM) thoroughly explored the tradeoffs between increasing speed to
arrive on time versus maintaining most efficient speed and arriving late. It effectively quantified
the impacts on profitability and demonstrated how speed decisions must take into account more
than just arrival time. Customer needs, expressed in the form of opportunity costs, provide a
systemic means to not only segregate customer needs along service standards but also provide a
sound basis with which to compare and contrast transit strategies in an effort to maximize

profitability.

Through simulation the RPM clearly demonstrates that on-time, every time is not only
detrimental to profits but also inefficient from a supply chain perspective. The analysis
identified that allowing the train to maintain economical speed and deliver late is the right and
most profitable solution in 77% of all instances for Service Profit and 98% of all instances for
Rail Service Profit. Only when fuel prices dropped to $2/gallon did Minimize Tardiness begin to
appear optimal for Service Profit (in only 44% of the instances). The model also revealed the
magnitude of eroded profits, profits that were driven out of the supply chain and out of the
pockets of the rail service providers. The magnitude of losses across the industry is likely
staggering, considering lost profits can reach into the tens-of-thousands for a single inefficiently

managed consist.
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Service levels should also be a primary discriminating factor in the pricing decision. Customers
that demand high levels of service, such as the customer segment that falls under just-in-time
(JIT), should pay a premium to support the costly endeavor of arriving on time. Others that have
the flexibility in their operations, should encourage the rail service provider to exercise that

flexibility to reduce operating costs and in turn, reduce rates.

The RPM proved valuable when deconflicting consists. When examining transit strategy and
alternative sequencing of three consists in conflict, the difference between the optimal profit
solution of $42,487 and the minima solution of -$12,665.38 provides a stark difference in profit
outcomes. The RPM can easily be used to deconflict any scenario combination and readily

identify the most profitable sequence.

Transit speed decisions must be based on real-time profit calculations, not cultural norms or past
industry practices. In fact, a vital aspect of optimizing profit is to closely link marketing with
operations to ensure customers are afforded the service levels that are paid for, not simply
expected. More importantly, customers that do not pay service level premiums should not
receive consideration regarding increasing speed, unless the rail service provider is compelled to
do so by other downstream opportunity cost penalties (such as cascading delays). Only after
implementing the Rail Profit Model, with marketing and operations are in lock-step, will the rail
service provider be effectively poised to maximize its long-term profitability and safeguard its

sustainability.
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5.2 FUTURE RESEARCH SUGGESTIONS

Currently, the RPM utilizes three distinct transit strategies to determine the optimal solution.
The model could be enhanced to optimize while the consist is in transit. For example, on an
hourly basis, should conditions substantially change, the model could change transit strategy
mid-transit. Anticipate this capability would preserve additional profits that would have
otherwise been lost using a dedicated, and partially suboptimal, transit strategy. Other research

opportunities are described below.

e Expand the scope of the RPM to include return transit of empties to determine if
outcomes substantially change. Further, explore the opportunity to integrate Rail Profit

Model methodologies to locomotive assignment and fleet sizing problems.

e Revise the RPM to reflect contemporary locomotives and operationalize the model by

conducting real world testing and integration into train control technologies.

e Explore generalizability opportunities to other industries, such as passenger rail and

maritime cargo.

e Integrate environmental impacts of burning fossil fuels, such as of greenhouse gasses, as

an opportunity cost within the RPM.
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Table C23: Instance 23 results, showing profit outputs for each scenario, by transit strategy

Instance # Traveling at Most Efficient R 1 22 1) o Traveling at Speeds to
(1 t0 30) 2 Speed Only (MES) DECLD) el Minimize Tardiness (MT)
(Avoid DCOCD)
Expected - . .
) Fuel Labor Departure Seprvipe Sg;n Arrival Servipe SeFf‘i\i/Iilce Arrival Servif:e Ssr?/li!:e Arrival Servige S;Rr?/lilce
Scenario $/Gal DCOCD Cost Delay Profit Delays Delay Profit Profit Delay Profit Profit Delay Profit Profit
(Hrs) (ESP) (Hrs) %) (Hrs) %) (Hrs) ()]
©) (Hrs) ®) ®) ®)
1 4 L L 0 $13,394 8 8 $5,954 6 -$437 $763 4 -$4,758 | -$3,958
2 2 L L 0 $13,394 8 8 $5,954 6 $4,359 $5,559 4 $2,798 $3,598
3 6 L L 0 $13,39%4 8 8 $5,954 6 -$5,232 -$4,032 4 -$12,314 | -$11,514
4 4 L H 0 $13,394 8 8 $1,154 6 -$4,037 -$1,637 4 -$7,158 -$5,558
5 2 L H 0 $13,394 8 8 $1,154 6 $759 $3,159 4 $398 $1,998
6 6 L H 0 $13,394 8 8 $1,154 6 -$8,832 -$6,432 4 -$14,714 | -$13,114
7 4 H L 0 $13,394 8 8 -$18,746 4 -$7,458 -$3,958 4 -$7,458 | -$3,958
8 2 H L 0 $13,394 8 8 -$18,746 4 $98 $3,598 4 $98 $3,598
9 6 H L 0 $13,394 8 8 -$18,746 4 -$15,014 | -$11,514 4 -$15,014 | -$11,514
10 4 H H 0 $13,394 8 8 -$23,546 4 -$9,858 -$5,558 4 -$9,858 | -$5,558
11 2 H H 0 $13,394 8 8 -$23,546 4 -$2,302 $1,998 4 -$2,302 $1,998
12 6 H H 0 $13,394 8 8 -$23,546 4 -$17,414 | -$13,114 4 -$17,414 | -$13,114
0 $13,394 8 8 -$8,796 5.00 -$5,447 -$2,597 4.00 -$7,308 -$4,758
# Scenarios where strategy resulted in maximum profits: 6 6 0 6 0
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Table C24: Instance 24 results, showing profit outputs for each scenario, by transit strategy

Instance # Traveling at Most Efficient TRl 2L LS (e Traveling at Speeds to
(1to 30) 24 Speed Only (MES) DIEOIED) Py Minimize Tardiness (MT)
(Avoid DCOCD)

Expected - . .
) Fuel Labor Departure Seprvi_ce Sg;n Arrival Servi_ce Ssrslilce Arrival Servif:e Sfrslilce Arrival Servig:e Sg'?llil:e
Scenario $/Gal DCOCD Cost Delay Profit Delays Delay Profit Profit Delay Profit Profit Delay Profit Profit

(Hrs) (ESP) (Hrs) (%) (Hrs) ©)] (Hrs) $)

©) (Hrs) ®) (©) ®)
1 4 L L 0 $14,782 3 3 $12,742 3 $12,742 0 $6,600 $6,600
2 2 L L 0 $14,782 3 3 $12,742 3 $12,742 0 $10,571 | $10,571
3 6 L L 0 $14,782 3 3 $12,742 3 $12,742 0 $2,629 $2,629
4 4 L H 0 $14,782 3 3 $10,942 3 $10,942 0 $6,600 $6,600
5) 2 L H 0 $14,782 3 3 $10,942 3 $10,942 0 $10,571 $10,571
6 6 L H 0 $14,782 3 3 $10,942 3 $10,942 0 $2,629 $2,629
7 4 H L 0 $14,782 3 3 $11,292 0 $6,298 $6,298 0 $6,600 $6,600
8 2 H L 0 $14,782 3 3 $11,292 0 $10,420 | $10,420 0 $10,571 | $10,571
9 6 H L 0 $14,782 3 3 $11,292 0 $2,176 $2,176 0 $2,629 $2,629
10 4 H H 0 $14,782 3 3 $9,492 0 $6,298 $6,298 0 $6,600 $6,600
11 2 H H 0 $14,782 3 3 $9,492 0 $10,420 | $10,420 0 $10,571 | $10,571
12 6 H H 0 $14,782 3 3 $9,492 0 $2,176 $2,176 0 $2,629 $2,629
0 $14,782 3 3 $11,117 1.50 $9,070 $9,520 0.00 $6,600 $6,600

# Scenarios where strategy resulted in maximum profits: 11 12 6 6 1 0
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Table C25: Instance 25 results, showing profit outputs for each scenario, by transit strategy

148

Instance # Traveling at Most Efficient TRl 2L LS (e Traveling at Speeds to
(1to 30) 2 Speed Only (MES) DIEOIED) Py Minimize Tardiness (MT)
(Avoid DCOCD)

Expected - . .
) Fuel Labor Departure Seprvi_ce Sg;n Arrival Servi_ce Ssrslilce Arrival Servif:e Sfrslilce Arrival Servig:e Sg'?llil:e
Scenario $/Gal DCOCD Cost Delay Profit Delays Delay Profit Profit Delay Profit Profit Delay Profit Profit

(Hrs) (ESP) (Hrs) (%) (Hrs) ©)] (Hrs) $)

©) (Hrs) ®) (©) ®)
1 4 L L 0 $19,592 5 5 $16,192 5 $16,192 1 $2,220 $2,420
2 2 L L 0 $19,592 5 5 $16,192 5 $16,192 1 $10,406 | $10,606
3 6 L L 0 $19,592 5 5 $16,192 5 $16,192 1 -$5,965 | -$5,765
4 4 L H 0 $19,592 5 5 $13,192 5 $13,192 1 $1,620 $2,020
5 2 L H 0 $19,592 5 5 $13,192 5 $13,192 1 $9,806 $10,206
6 6 L H 0 $19,592 5 5 $13,192 5 $13,192 1 -$6,565 | -$6,165
7 4 H L 0 $19,592 5 5 $10,192 1 $2,020 $2,420 1 $2,020 $2,420
8 2 H L 0 $19,592 5 5 $10,192 1 $10,206 | $10,606 1 $10,206 | $10,606
9 6 H L 0 $19,592 5 5 $10,192 1 -$6,165 | -$5,765 1 -$6,165 | -$5,765
10 4 H H 0 $19,592 5 5 $7,192 1 $1,420 $2,020 1 $1,420 $2,020
11 2 H H 0 $19,592 5 5 $7,192 1 $9,606 $10,206 1 $9,606 $10,206
12 6 H H 0 $19,592 5 5 $7,192 1 -$6,765 | -$6,165 1 -$6,765 | -$6,165
0 $19,592 5 5 $11,692 3.00 $8,206 $9,206 1.00 $1,820 $2,220

# Scenarios where strategy resulted in maximum profits: 10 12 8 6 2 0




Table C26: Instance 26 results, showing profit outputs for each scenario, by transit strategy

Instance # Traveling at Most Efficient TRl 2L LS (e Traveling at Speeds to
(1to 30) 6 Speed Only (MES) DIEOIED) Py Minimize Tardiness (MT)
(Avoid DCOCD)

Expected - . .
) Fuel Labor Departure Seprvi_ce Sg;n Arrival Servi_ce Ssrslilce Arrival Servif:e Sfrslilce Arrival Servig:e Sg'?llil:e
Scenario $/Gal DCOCD Cost Delay Profit Delays Delay Profit Profit Delay Profit Profit Delay Profit Profit

(Hrs) (ESP) (Hrs) (%) (Hrs) ©)] (Hrs) $)

©) (Hrs) ®) (©) ®)
1 4 L L 0 $16,166 1 1 $15,486 1 $15,486 0 $12,115 | $12,115
2 2 L L 0 $16,166 1 1 $15,486 1 $15,486 0 $14,101 | $14,101
3 6 L L 0 $16,166 1 1 $15,486 1 $15,486 0 $10,130 | $10,130
4 4 L H 0 $16,166 1 1 $14,886 1 $14,886 0 $12,115 $12,115
5 2 L H 0 $16,166 1 1 $14,886 1 $14,886 0 $14,101 | $14,101
6 6 L H 0 $16,166 1 1 $14,886 1 $14,886 0 $10,130 | $10,130
7 4 H L 0 $16,166 1 1 $15,286 0 $12,115 | $12,115 0 $12,115 | $12,115
8 2 H L 0 $16,166 1 1 $15,286 0 $14,101 $14,101 0 $14,101 $14,101
9 6 H L 0 $16,166 1 1 $15,286 0 $10,130 | $10,130 0 $10,130 | $10,130
10 4 H H 0 $16,166 1 1 $14,686 0 $12,115 | $12,115 0 $12,115 | $12,115
11 2 H H 0 $16,166 1 1 $14,686 0 $14,101 | $14,101 0 $14,101 | $14,101
12 6 H H 0 $16,166 1 1 $14,686 0 $10,130 | $10,130 0 $10,130 | $10,130
0 $16,166 1 1 $15,086 0.50 $13,651 $13,801 0.00 $12,115 $12,115

# Scenarios where strategy resulted in maximum profits: 12 12 6 6 0 0
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Table C27: Instance 27 results, showing profit outputs for each scenario, by transit strategy

Instance # Traveling at Most Efficient TRl 2L LS (e Traveling at Speeds to
(1to 30) 21 Speed Only (MES) DIEOIED) Py Minimize Tardiness (MT)
(Avoid DCOCD)

Expected - . .
) Fuel Labor Departure Seprvi_ce Sg;n Arrival Servi_ce Ssrslilce Arrival Servif:e Sfrslilce Arrival Servig:e Sg'?llil:e
Scenario $/Gal DCOCD Cost Delay Profit Delays Delay Profit Profit Delay Profit Profit Delay Profit Profit

(Hrs) (ESP) (Hrs) (%) (Hrs) ©)] (Hrs) $)

©) (Hrs) ®) (©) ®)
1 4 L L 0 $24,171 5 5 $20,771 5 $20,771 0 $12,502 | $12,502
2 2 L L 0 $24,171 5 5 $20,771 5 $20,771 0 $18,137 | $18,137
3 6 L L 0 $24,171 5 5 $20,771 5 $20,771 0 $6,868 $6,868
4 4 L H 0 $24,171 5 5 $17,771 5 $17,771 0 $8,375 $8,375
5) 2 L H 0 $24,171 5 5 $17,771 5 $17,771 0 $18,137 $18,137
6 6 L H 0 $24,171 5 5 $17,771 5 $17,771 0 $6,868 $6,868
7 4 H L 0 $24,171 5 5 $14,771 0 $11,910 | $11,910 0 $12,502 | $12,502
8 2 H L 0 $24,171 5 5 $14,771 0 $17,841 $17,841 0 $18,137 $18,137
9 6 H L 0 $24,171 5 5 $14,771 0 $5,980 $5,980 0 $6,868 $6,868
10 4 H H 0 $24,171 5 5 $11,771 0 $11,910 $11,910 0 $12,502 $12,502
11 2 H H 0 $24,171 5 5 $11,771 0 $17,841 | $17,841 0 $18,137 | $18,137
12 6 H H 0 $24,171 5 5 $11,771 0 $5,980 $5,980 0 $6,868 $6,868
0 $24,171 5 5 $16,271 250 | $15591 | $16,341 | 0.00 | $12,158 | $12,158

# Scenarios where strategy resulted in maximum profits: 8 12 5 6 4 0
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Table C28: Instance 28 results, showing profit outputs for each scenario, by transit strategy

Instance #

(8

to 30)

28

Traveling at Most Efficient
Speed Only (MES)

Scenario

Fuel
$/Gal

DCOCD

Labor
Cost

Departure
Delay
(Hrs)

Expected
Service
Profit
(ESP)
$)

Arrival
Delay
(Hrs)
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$18,403

$18,403

$18,403
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$18,403
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Service

Rail
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Table C29: Instance 29 results, showing profit outputs for each scenario, by transit strategy

Instance # Traveling at Most Efficient TRl 2L LS (e Traveling at Speeds to
(1to 30) 29 Speed Only (MES) DIEOIED) Py Minimize Tardiness (MT)
(Avoid DCOCD)

Expected - . .
) Fuel Labor Departure Seprvi_ce Sg;n Arrival Servi_ce Ssrslilce Arrival Servif:e Sfrslilce Arrival Servig:e Sg'?llil:e
Scenario $/Gal DCOCD Cost Delay Profit Delays Delay Profit Profit Delay Profit Profit Delay Profit Profit

(Hrs) (ESP) (Hrs) (%) (Hrs) ©)] (Hrs) $)

©) (Hrs) ®) (©) ®)
1 4 L L 0 $18,180 1 1 $17,500 1 $17,500 0 $16,416 | $16,416
2 2 L L 0 $18,180 1 1 $17,500 1 $17,500 0 $17,258 | $17,258
3 6 L L 0 $18,180 1 1 $17,500 1 $17,500 0 $15,575 | $15,575
4 4 L H 0 $18,180 1 1 $16,900 1 $16,900 0 $16,416 | $16,416
5 2 L H 0 $18,180 1 1 $16,900 1 $16,900 0 $17,258 | $17,258
6 6 L H 0 $18,180 1 1 $16,900 1 $16,900 0 $15,575 | $15,575
7 4 H L 0 $18,180 1 1 $17,300 0 $16,184 | $16,184 0 $16,416 | $16,416
8 2 H L 0 $18,180 1 1 $17,300 0 $17,142 $17,142 0 $17,258 $17,258
9 6 H L 0 $18,180 1 1 $17,300 0 $15,226 | $15,226 0 $15,575 | $15,575
10 4 H H 0 $18,180 1 1 $16,700 0 $15,621 | $15,621 0 $12,649 | $12,649
11 2 H H 0 $18,180 1 1 $16,700 0 $17,142 | $17,142 0 $17,258 | $17,258
12 6 H H 0 $18,180 1 1 $16,700 0 $15,226 | $15,226 0 $15,575 | $15,575
0 $18,180 1 1 $17,100 0.50 $16,645 | $16,795 0.00 $16,102 | $16,102

# Scenarios where strategy resulted in maximum profits: 10 12 5 6 2 0
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